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Herbicide  Update 
and 
Resistance  Management 
Hilary Sandler 
UMass Cranberry Station 
QuinStar 
•  Section  18  approved  April 4, 2012 
•  Paperwork  is  now  available. 
•  For  Dodder  control  only!! 
•  OS  growers:   
–  100 - day  PHI  for  all  domestic  fruit.   
–  No  use  allowed  for  export  fruit. 
•  Other handlers?? 
Water  and  Herbicides 
•  How  much  water  is  too  much?? 
–  Usually  0.5 in  of  rain / irrigation  is  good to  
incorporate  the  chemical  into  the  zone  
where  germination  occurs. 
•  Does  the  herbicide  leach  readily? 
–  Amount  of  herbicide  in  soil  solution  
depends  on  Soil  Adsorption  and  Solubility. 
–  Leaching  higher  if  adsorption  is  low; in  
sandy  soils. 
Pesticide  Movement 
Herbicide Volatility 
Solubility 
(ppm) Mobility 
Devrinol Low 700 moderate 
Casoron high 25 low 
Evital high 28 high 
So…. 
•  These  are  only  guidelines.  Soil  tests  
done  on  soils  that  are  quite  unlike  
cranberry  soils. 
•  Devrinol:  moves  about  1 inch  for  every  
inch  of  rainfall / water  in  loamy  sand. 
•  Casoron  has  a  bit  more  stickiness. 
•  Evital  will  leach  quite  readily. 
Herbicide  Resistance 
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What is Herbicide Resistance? 
Lesson	  3	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The	  copyright	  in	  these	  Weed	  Science	  Society	  of	  America	  (WSSA)	  training	  lessons	  is	  owned	  
by	  the	  WSSA.	  WSSA	  grants	  you	  a	  limited	  license	  to	  use	  these	  materials	  solely	  for	  training	  
and	  educaGonal	  purposes.	  Slides	  may	  be	  used	  individually,	  and	  their	  order	  of	  use	  may	  be	  
changed;	  however,	  the	  content	  of	  each	  slide	  and	  the	  associated	  narraGve	  may	  not	  be	  
altered.	  If	  you	  have	  quesGons,	  please	  contact	  Joyce	  Lancaster	  at	  
(jlancaster@allenpress.com)	  and	  phone	  (785-­‐865-­‐9250).	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  Herbicide	  Resistance	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  ©	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  Reserved	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Objectives 
By	  the	  end	  of	  this	  lesson,	  you	  will:	  
Define	  the	  different	  types	  of	  herbicide	  
resistance.	  
Recognize	  the	  factors	  that	  influence	  
selecCon	  for	  herbicide	  resistance.	  
Understand	  what	  herbicide	  resistance	  is	  
and	  how	  it	  evolves	  in	  the	  field.	  
Above:	  Redroot	  pigweed	  in	  an	  onion	  
field.	  Redroot	  pigweed	  is	  a	  weed	  that	  
is	  known	  to	  be	  resistant	  to	  several	  
herbicides.	  
Image	  number	  5362588	  at	  www.invasive.org.	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Herbicide Resistance De!ned  
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Herbicide	  resistance	  can	  be	  defined	  as	  the	  acquired	  ability	  of	  a	  weed	  populaCon	  to	  
survive	  a	  herbicide	  applicaCon	  that	  previously	  was	  known	  to	  control	  the	  populaCon.	  	  
Herbicide	  tolerance	  is	  the	  inherent	  ability	  of	  a	  species	  to	  survive	  and	  reproduce	  aIer	  
herbicide	  treatment.	  There	  has	  been	  no	  selecCon	  acCng	  on	  the	  tolerant	  weed	  species,	  and	  
there	  has	  been	  no	  change	  in	  the	  weed	  species	  lack	  of	  response	  to	  the	  herbicide	  over	  Cme.	  
Year	  1	   Year	  2	   Later	  years	  
The	  number	  of	  herbicide-­‐resistant	  individuals	  in	  the	  populaGon	  changes	  over	  Gme.	  
Year	  1	   Year	  2	   Later	  years	  
The	  number	  of	  herbicide-­‐tolerant	  individuals	  is	  not	  affected	  directly	  by	  the	  herbicide.	  
In	  herbicid
e	  resistanc
e	  there	  is	  a
	  change	  in
	  the	  respo
nse	  of	  the	  
weed	  
populaCon
	  over	  Cme
;	  it	  is	  no	  lo
nger	  contr
olled	  by	  th
e	  herbicide
.	  	  
In	  herbicid
e	  tolerance
,	  there	  is	  n
o	  change	  o
ver	  Cme,	  t
he	  populaC
on	  has	  
always	  bee
n	  tolerant	  
to	  the	  herb
icide.	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Herbicide Resistance: Basic Principles 
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Herbicide	  resistance	  is	  the	  result	  of	  naturally	  occurring	  processes.	  
*	  Biotypes	  are	  plants	  
within	  a	  species	  that	  
have	  biological	  
characterisCcs	  that	  
are	  not	  common	  to	  
the	  populaCon	  as	  a	  
whole.	  
Herbicide-­‐resistant	  individuals	  or	  
biotypes*	  are	  present	  naturally	  
within	  the	  weed	  populaCon	  at	  very	  
low	  frequencies.	  These	  individuals	  
have	  a	  herbicide	  resistance	  
mechanism	  that	  allows	  them	  to	  
survive	  the	  applicaCon	  of	  a	  
herbicide.	  	  
Weed	  control	  failures	  do	  not	  
automaCcally	  mean	  that	  the	  
weeds	  are	  herbicide-­‐resistant.	  
Resistance	  is	  heritable.	  It	  can	  
be	  passed	  from	  one	  
generaCon	  to	  the	  next.	  
In	  general,	  weed	  populaCons	  are	  
geneCcally	  diverse,	  and	  individual	  
plants	  within	  a	  species	  can	  respond	  
differently	  to	  the	  same	  herbicide	  
rate.	  This	  does	  not	  mean,	  in	  all	  
cases,	  that	  the	  least	  sensiCve	  
individuals	  are	  herbicide-­‐resistant,	  
but	  it	  is	  a	  possibility.	  Herbicide	  rates	  
are	  iniCally	  established	  to	  be	  
effecCve	  on	  the	  vast	  majority	  of	  the	  
individuals	  in	  a	  populaCon	  under	  
normal	  growing	  condiCons.	  This	  is	  
why	  using	  labeled	  rates	  is	  
important.	  
[Click to close.] 
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Year	  1	  
1	  in	  a	  million	  
resistant	  to	  a	  
herbicide	  
Year	  2	  begins	  
with	  more	  
resistant	  weeds	  
Example	  
2
Selection by Herbicides Changes the 
Population Over Time 
WSSA	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Year	  2	  
The	  process	  
repeats…	  
3
…UnGl	  Year	  3	  has	  
significant	  weed	  
resistance…	  
And	  in	  later	  years	  
even	  m re	  herbicide-­‐
resistant	  weeds	  are	  
present	  
Example	  
Selection by Herbicides Changes the 
Population Over Time 
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The	  level	  of	  herbicide	  resistance	  in	  weeds	  varies	  
by	  weed	  biology	  and	  resistance	  mechanism.	  
In	  some	  cases,	  resistance	  occurs	  when	  the	  
species	  survives	  applicaCon	  of	  a	  labeled	  rate,	  
while	  in	  other	  cases,	  the	  species	  can	  survive	  up	  
to	  1000	  Cmes	  the	  labeled	  rate.	  	  (1X	  equals	  the	  labeled	  
rate.)	  
This	  is	  important	  in	  terms	  of	  being	  able	  
to	  idenCfy	  herbicide	  resistance	  in	  the	  
field.	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The	  length	  of	  Cme	  for	  selecCon	  of	  resistance	  varies	  by	  :	  
  Cultural	  pracCces	  
  Frequency	  of	  herbicide	  use	  
  Herbicide	  mechanism	  of	  acCon	  
Year	  0	   Year	  2	   Year	  4	   Year	  6	   Year	  8	   Year	  10	   Later	  
  Biology	  of	  weed	  species	  
  Frequency	  of	  resistant	  biotypes	  among	  weed	  species	  
Another	  factor	  affecCng	  the	  speed	  
of	  selecCon	  is	  the	  mechanism	  of	  
herbicide	  resistance.	  There	  are	  two	  
general	  types	  of	  mechanisms:	  (1)	  
exclusionary	  resistance	  (for	  
example,	  differenCal	  uptake	  and	  
translocaCon,	  
compartmentalizaCon	  and	  
metabolic	  detoxificaCon)	  and	  (2)	  
target	  site	  resistance	  (alteraCon	  of	  
the	  targeted	  enzyme	  and	  
overproducCon	  of	  a	  specific	  
enzyme).	  Exclusionary	  resistance	  
generally	  takes	  longer	  to	  evolve	  in	  
the	  field.	  
[Click to close.]	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Herbicide	  Resistance	  CharacterisGcs	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–  Plants	  are	  slightly	  injured	  to	  
uninjured	  	  
–  Few	  plants	  have	  an	  intermediate	  
responses	  
–  SuscepCble	  plants	  can	  be	  present	  in	  
the	  populaCon	  
GROUP 5 HERBICIDE 
atrazine,	  Sencor,	  etc.	  	  
GROUP 2 HERBICIDE 
Classic,	  Permit,	  FirstRate,	  etc.	  
GROUP 1 HERBICIDE 
Select,	  Assure,	  etc.	  
–  A	  conCnuum	  of	  plant	  responses	  from	  
slightly	  injured	  to	  nearly	  dead	  	  
–  The	  majority	  of	  plants	  display	  an	  
intermediate	  response	  
–  SuscepCble	  plants	  will	  be	  present	  in	  the	  
populaCon,	  especially	  when	  herbicide	  
resistance	  is	  determined	  early	  
GROUP 9 HERBICIDE Roundup,	  etc.	  
GROUP 14 HERBICIDE Reflex,	  Valor,	  etc.	  
GROUP 4 HERBICIDE Clarity,	  2,4	  D,	  etc.	  
GROUP 22 HERBICIDE Gramoxone,	  etc.	  
Examples	  
High-­‐Level	  Resistance	  Low-­‐Level	  Resistance	  
Examples	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Herbicide Resistance Types 
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Single	  Herbicide	  Resistance	  
•  Resistant	  to	  only	  one	  herbicide	  
Cross	  Herbicide	  Resistance	  
•  Resistant	  to	  two	  or	  more	  herbicide	  
families	  with	  same	  mechanism	  of	  acDon	  
•  Single	  resistance	  mechanism	  
MulGple	  Herbicide	  Resistance	  
•  Resistant	  to	  two	  or	  more	  herbicides	  with	  
different	  mechanisms	  of	  acDon	  
•  May	  be	  the	  result	  of	  two	  or	  more	  
different	  resistance	  mechanisms	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Herbicide Resistance Types: Cross Resistance 
17	  
Classic,	  a	  sulfonylurea,	  and	  FirstRate,	  a	  triazolopyrimidine,	  both	  belong	  to	  the	  ALS-­‐
inhibitors,	  or	  group	  2	  herbicides.	  Both	  herbicide	  products	  have	  the	  same	  mechanism	  
of	  acCon.	  
CAUTION:	  Weeds	  that	  are	  herbicide-­‐resistant	  to	  one	  member	  of	  a	  herbicide	  mechanism	  of	  acDon	  group	  may	  or	  
may	  not	  be	  cross-­‐resistant	  to	  all	  herbicides	  within	  that	  group.	  Consult	  your	  local	  extension	  specialist	  for	  more	  
informaDon.	  
Year	  1	   Year	  2	   Year	  3	  
Apply	  Classic®	  
Resistant	  to	  Classic	  
Apply	  Classic	  
Resistant	  to	  Classic	  
Apply	  FirstRate®	  
An	  example	  with	  common	  ragweed	  
Resistant	  to	  Classic	  and	  FirstRate	  
herbicides	  (group	  2,	  ALS-­‐inhibitors)	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Herbicide Resistance Types: Multiple 
Resistance  
18	  
MulCple	  resistance	  can	  occur	  following	  repeated	  applicaCons	  of	  a	  single	  herbicide	  and	  
selecCon	  for	  herbicide-­‐resistant	  biotypes	  followed	  by	  repeated	  applicaCons	  of	  another	  
herbicide	  and	  selecCon	  for	  herbicide-­‐resistant	  biotypes.	  
Years	  1-­‐5	   Years	  5-­‐8	   Years	  8-­‐13	  
Apply	  atrazine	  
Select	  for	  weeds	  resistant	  
to	  group	  5	  herbicides	  
(shown	  in	  black)	  
The	  populaGon	  with	  
resistance	  to	  group	  5	  
herbicides	  increases	  
Switch	  to	  and	  apply	  
glyphosate	  
Select	  for	  weeds	  resistant	  to	  
group	  9	  herbicides	  (shown	  
in	  pink)	  from	  a	  populaGon	  
that	  is	  resistant	  to	  group	  5	  
Example	  
The	  populaGon	  with	  
mulGple	  resistance	  to	  
group	  5	  and	  9	  increases	  
Years	  14	  +	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Conclusions 
Repeated	  use	  of	  a	  herbicide	  selects	  for	  herbicide-­‐resistant	  biotypes.	  
Over	  Cme,	  the	  number	  of	  resistant	  individuals	  in	  the	  weed	  populaCon	  
increases	  unCl	  the	  majority	  of	  the	  populaCon	  is	  herbicide-­‐resistant.	  
Several	  factors	  in	  the	  field	  can	  affect	  the	  selecCon	  of	  herbicide-­‐
resistant	  weeds.	  
Once	  a	  weed	  is	  resistant	  to	  a	  single	  herbicide,	  it	  is	  possible	  for	  it	  to	  
be	  resistant	  to	  another	  herbicide,	  with	  either	  the	  same	  or	  a	  
different	  mechanism	  of	  acCon.	  
19	  
Callisto  Resistance 
•  Cause  for  concern 
–  Resistance  has  shown  up  after  only   
7 years  of  use  in  seed  corn  
•  common waterhemp (same genus as ragweed)  
•  Kochia (in the same family) 
•  Use  Callisto  judiciously!!  Group 27 
–  Plan  to  skip  a  year  of  treatment  as  a  
general  practice; USE  non-27  herbicides! 
–  Scout.  Treat  ONLY  when  necessary. 
–  Monitor  farms  for  evidence  of  weed  
resistance.  Call  me! 
Questions ?? 
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"Herbicide	  resistance	  is	  the	  inherited	  ability	  of	  a	  plant	  to	  survive	  and	  
reproduce	  following	  exposure	  to	  a	  dose	  of	  herbicide	  normally	  lethal	  to	  the	  
wild	  type.	  In	  a	  plant,	  resistance	  may	  be	  naturally	  occurring	  or	  induced	  by	  
such	  techniques	  as	  geneCc	  engineering	  or	  selecCon	  of	  variants	  produced	  by	  
Cssue	  culture	  or	  mutagenesis."	  	  
"Herbicide	  tolerance	  is	  the	  inherent	  ability	  of	  a	  species	  to	  survive	  and	  reproduce	  
aIer	  herbicide	  treatment.	  This	  implies	  that	  there	  was	  no	  selecCon	  or	  geneCc	  
manipulaCon	  to	  make	  the	  plant	  tolerant;	  it	  is	  naturally	  tolerant."	  
Year	  1	   Year	  2	   Later	  years	  
Resista t	  biotype	  
Year	  1	   Year	  2	   Later	  years	  
Tolerant	  species	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